isconsin Architect 


Energy 6 August 1982 


Country Comfort 


PASSIVE SOLAR SPECIALISTS 


"ANYONE CAN ENJOY THE 4 SEASONS" 


TOWNHOUSES 
CONDOMINIUMS 
RESTAURANTS 

SPAS 

COMMERCIAL & RESIDENTIAL 
NEW CONSTRUCTION 

& RETROFIT 

COST EFFECTIVE 

SOLAR COLLECTOR 


€ COMPARE OUR FEATURES 
Standard sizes unlimited 
Custom rooms available - corners 
Straight or curved eaves 
Many glazing options 
Weather tight & maintenance free 


€ ACCESSORIES AND 
SERVICE AVAILABLE 
Shading & night insulation 
Solar controllers by W.E.S. 
Storage systems for every condition 
Complete installation and service 


DISTRIBUTOR OF 


FOUR SEASONS 
GREENHOUSES 


Call or Write Today For More Information - Models Shown By Appointment 
770 South Main - Fond du Lac, WI 54935 - (414) 921-8787 
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Performance of solar collectors rated by the Horida 
Solar Energy Center, as of November, 1980, in the 
all important intermediate range (122 *f] by average 
daily output per square foot of gross collector area. 
These ratings are based upon thermal efficiency as 
measured under the ASHRAE 93-77 test procedure. 


Grumman Energy Systems 


Triple M Solar 


Western Solar Development, Inc. 


Grumman Energy Systems 
Sunworks Div. x Sun Selector 
Inter Technology Corporation 
Grumman Energy Systems 
Libbey-Owens-Ford Company 
Rheem/Rudd Water Heaters 
Solar Development Inc. 

Triple M Solar 

Universal Solar Development 


Western Solar Development, Inc. 


Rheem Manufacturing Company 
Solar Development Inc. 
Universal Solar Development 
American Sunsystems, Inc. 
American Sunsystems, Inc. 
Solara Associates 

Energy Transfer Systems, Inc. 
Revere Solar and Architectural 
American Solar King Corporation 
Black Chrome Solar Power 
Dumont Industries 

Sunway Manufacturing, Inc. 
Lordan Solar Energy Systems 
Revere Solar and Architectural 
Heliotherm, Inc. 

Solar Energy Products, Inc. 
Solar Industries, Inc. 

Sunway Manufacturing Inc. 
Grumman Energy Systems 
Prima Industries, Inc. 
Libbey-Owens-Ford Company 
Stolle Corporation 

Grumman Energy Systems 
Prima Industries, Inc. 

Solar Industries, Inc. 


121 


TMS 300 SS 
WSD-7CR 

332 & 332A 
LB 30011 GBC 


TMS 180 SS 
63 SG 
WSD-6 
RCG307N 


8 
11017-3684 805 


The tests are conducted by various laboratories 
throughout the country certified for such testing by 
the National Bureau of Standards. 

This list is composed of only those 82 collectors 
rated at 725 BTU per ft? output, or better, excluding 
those identified as, or known to be, discontinued 


models. 


Black Chrome Solar Power 
Sunway Manufacturing Inc. 
Reynolds Metals Co. 

Gulf Stream Solar Inc. 
Solar Unlimited, Inc. 
Solartec Inc. 

Triple M Solar 


Western Solar Development, Inc. 


U.S. Solar Corporation 
American Heliothermal Corp. 
U.S. Solar Corporation 

Energy Transfer Systems, Inc. 
U.S. Solar Corporation 

W.L. Jackson Manufacturing Co. 
Solar Unlimited, Inc. 

Revere Solar and Architectural 
Solar Energy Components 

The Amcor Group, Ltd. 
Rheem/Rudd Water Heaters 
Triple M Solar 

. Solar Corporation 

Solar Equipment, Inc. 
Equinox Solar, Inc. 
Daystar Corporation 
Equinox Solar, Inc. 

Reynolds Metals Co. 

. Solar Corporation 
Rheem Manufacturing Co. 
Universal Solar Development 
Equinox Solar, Inc. 

U.S. Solar Corporation 
A.T. Bliss Company, Inc. 
Solar Heating Inc. 


Western Solar Development, Inc. 


Universal Solar Development 
Solar Development Inc. 

Don Kent Solar 

Mega Engineering 

Phelps Dodge Brass Co. 
Sunworks 

All SunPower Inc. 


BTU/ 
Ft2/ 
DAY 
798 
798 
787 
776 
775 
771 
767 
767 
765 
764 
762 
761 
760 
757 
755 
753 
750 
750 
747 
747 
747 
746 
745 
740 


MODEL 

BC-17 

SM 3-7C 
1402 
American Eagle 
SH21 

101-1 
TMS-300-NS 


TMS 400 SS 
AF-24-SW 
L-40 

EP 408 
21-B 

EP 406 
1452 
AF-21-SW. 
RCG-307S 
63-GL-7 
EP 410 
AF-18-SW 
SMSP 410 


3301 
WSD 5-F (4x10) 728 
104 (P) 28 


SD5P (4x10) 
B-75 
ST-48-E1000 
8004-2 

LA 10010 
3784 


The full report from the Public Information Office of Horida Solar Energy Center is available upon request. That report lists 190 collectors with an 
overall approximate average output of 700 BTU's per square foot. 


Wind load tested. Extruded aluminum frame, copper 
absorber. Secure mounting systems, fixed or 


adjustable, are easily connected. 


Efficiency — Post Stagnation — ASHRAE 93-77 


KYH-21: .730-.814 
KYSM-32: .778 - 1.005 
KYSM-40: .780 - 1.002 


GULF THERMAL - 


An independent company whose only business for 
over five years has been manufacturing the highest 


quality solar panels. 


AMERICAN SOLAR CORPORATION 
7040 INDUSTRIAL LOOP 
GREENDALE, WISCONSIN 53129 
PHONE (414) 421-8700 


CORPU 


P O. BOX 1273 * SARASOTA, FLORIDA 33578 e 813/957-0106 
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ANOTHER ZS AAA FIRST! 


NEW! HS A3HP90, Thermal Barrier Type 2, monumental horizontal rolling window designed for 
new construction or replacement projects. The first and only monumental or commercial 
horizontal window in which all glass surfaces can be cleaned from inside without removing 
anything from the window. An air infiltration rating of .002 at 1.56 psf. That's right, not .20, not 
.02 BUT .002. PLUS no water penetration at 12 psf. 


The exterior and/or interior frames on the double-glazed AMACOR models #650 and #670 can be 
supplied with unbreakable or impact resistant materials, offering the building owner maximum 
vandal resistant protection. 


This new window is available with a venetian blind built-in to the sash and can also be triple 
glazed by using 5$" hermetically sealed insulated glass in the interior glazing frame. The 
4⁄2" deep master frame can be combined with a matching Aus" thick insulated panel for maxi- 
mum energy savings. 


For information and help in detailing your window projects and a personal demonstration of 
the AMACOR complete line of commercial windows, call or write: 


VON HADEN SUPPLY COMPANY, INC. 
P.O. Box 8006 

Green Bay, Wisconsin 54308 
1-414-432-3324 


WINDOWS & INSULATED PANELS ARE OUR SPECIALTY 


For Safe G Efficient 
Electrical Systems, 
GoWith a Pro! 


Today's electrical systems are more efficient than ever. 
They're also bigger and more complicated and require the 
expertise of a pro. A pro who understands such things as: 
Preventive Electrical Maintenance, Life Safety Systems, 
Electric Process Heot, Energy Efficient Lighting , Total 
Energy Management and more. Thot pro is a qualified 
electrical contractor. He is a specialist in all electrical systems. 


A qualified electrical contractor has the experience and tools 
to get the job done safely . . . right the first time. Put his 
management skills, obility, financial responsibility on your 

team. Your electrical contractor can save you money in the 
long run. 


ELECTRICITY MAKES IT POSSIBLE... 
AQUALIFIED ELECTRICAL CONTRACTOR MAKES IT PRACTICAL 


National Electrical Contractors Association, Inc. 


Wisconsin Chapter 

2801 West Beltline Highway 
Madison, Wisconsin 53713 
608-271-1912 


Three good 
reasons for 
selecting 

Weil-McLain 


THE CHOICE — Choose from 
a complete line of oil, atmos- 
pheric gas, and combination 
gas/oil boilers, from 187,800 
to 6,060,900 BRU/Hr. 
THE FLEXIBILITY — Match 
any job requirement with a 
choice of factory-tested pack- 
ages, factory-assembled sec- 
tions or individual sections. 
THE QUALITY — Only Weil- 
McLain has such quality fea- 
tures as flame-retention oil 
burners, asbestor rope seal, 
short draw rods, multiple 
tankless water heaters, forced 
draft firing and, of course, 
cast iron construction. 
Choice, flexibility, and quality 
. three good reasons for 
contacting your nearest Weil- 
McLain distributor. 


Automatic Temperature Supplies, Inc. 
1023 E. Main St. (Home Office) 
Madison, Wis. 53703 
Call: 1 - 608-257-3755 
(WATS) Call: 1 - 800-362-8188 


ROCK COUNTY BRANCH 
Route 3, Hy. 51 - South 
Janesville, Wis. 53545 
Call: 1 - 608 - 754-8106 

(WATS) Call: 1 - 800 - 362-8188 
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Introduction To The Special Energy Issues 


By David Evan Glasser, Chairman 
Department of Architecture 
University of Wisconsin/Milwaukee 


| was extremely pleased to be asked to take charge 
of this issue of the Wisconsin Architect. Over the 
past several years the growth of interest and 
activity in energy-related aspects of the archi- 
tectural profession has been extraordinary. Special 
workshops sopnsored by the AIA, the Masonry 
Institute and others have attracted substantial, 
continuing interest of both students and practi- 
tioners. Our Department has experienced a corre- 
sponding increase in student concern for building 
conservation and passive design issues over the 
past few years. Preparing articles for this special 
issue has afforded the faculty the opportunity to 
take stock of and evaluate its efforts with respect 
to departmental support for studies dealing with 
Energy in Buildings. It is a matter of pride to the 
Department and myself to report that the School 
has committed itself to a surprisingly broad range 
of activities including coursework, studios, re- 
search, extension courses and community based 
seminar-workshops. 


EDITOR'S NOTE 


This issue of the Wisconsin Architect con- 
tains numerous articles prepared by members 
of the faculty of the School of Architecture and 
Urban Planning of the University of Wiscon- 
sin-Milwaukee. Energy continues to be one of 
the primary issues confronting our pro- 
fession in the 80's. These faculty members 
have been kind enough to share their ex- 
perience, research, and expertise in the 
articles that follow on matters pertaining to 
energy. The Editorial Board of the Wisconsin 
Architect is proud to present these very fine 
articles to the architectural community in 
Wisconsin. We trust that you will be as 
interested and informed by the content of 
these articles as we have been. A special 
thanks to David Evan Glasser, Chairman of 
the Department of Architecture at UW-M 
SARUP for his efforts in coordinating this 
most productive and informative undertaking. 
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Aside from the benefits of the high visibility that 
our Department is beginning to earn by virtue of 
the vigorous activities, our student body is rapidly 
coming to understand that energy considerations 
in buildings are as basic to architectural design as 
circulation or spatial organization. This subtle 
transformation in the focus of student values and 
perceptions is particularly encouraging, from my 
standpoint. One of the most important commit- 
ments which our faculty makes is to the develop- 
ment of a strong set of social values which our 
students may bring to their professional respon- 
sibilities. The appropriate use of technology, 
concern for conservation of dwindling global 
energy resources and optimization of solar energy 
all are salient aspects of these social concerns. 
Our students' appetite for learning and utilizing 
these skills is not only delightful from our stand- 
point as educators, but should be instructive to 
the professionals reading this issue. They may 
reasonably expect to employ young architects-in- 
training with the skills and purposeful determina- 
tion to transform and improve architectural practice 
in our region. 


It is my hope that this will be only the first of many 
opportunities to share ideas and information with 
the Wisconsin professional community. The brief 
seminar held at the recent WSA convention in 
Milwaukee was instructive insofar as some mutual 
misperceptions were revealed and, | hope, re- 
solved. It is the intention of the Department and 
myself to make an increasing effort to develop 
useful connections to the professional community. 
Among these efforts, in the Fall, we will be visiting 
chapters throughout Wisconsin in order to present 
some of our activities and to share thoughts about 
architectural education with practitioners from all 
parts of the State. 


Design the future 
with natural gas. 


Natural gas. Efficient, dependable natural gas. There's a good 
supply of proved reserves for the present and vast untapped 
reser ves for the future. 


If you have questions or need information, contact us. 
Wisconsin Natural Gas, 233 Lake Avenue, Racine, Wisconsin 
53403, (414) 637-7681. We have the complete natural gas 

story including availability, pricing and conservation information 
SO you can design the future...with natural gas. 


WISCONSIN 
NATURAL 
GAS 
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Studio Work In Energy Conscious Design 


By Frederick A. Jules, 
Associate Professor 


"2n 


d 


Energy conservation in design 
is a moral commitment to the 
future of our society and pro- 
fession. Its importance need not 
be elaborated upon nor is it 
redundant to point out that 
historically it was only about 
100 years ago that the nature 
of the built environment was 
profoundly affected by the de- 
velopment of automobiles, 
modern energy-wasting heating 
systems and unrealistically 
high heating and cooling 
standards. All schools of archi- 
tecture have an obligation to 
address these issues to produce 
professionals capable of and 
committed to, meeting the prob- 
lems associated with these is- 
sues through the design 
process. UWM has committed 
substantial portions of the 
curriculum to this objective: 
this report, however, concerns 
itself only with the studio 
dealing primarily with energy 
conscious architectural design. 


The teaching approach employed | : — 
in this studio may be simply Spec Office Building 
outlined. Each semester typically i.v 4 s x * 

includes two design projects 
dealing with two design princi- 
ples. The first principle in design 
is placemaking without which 
conservation and social issues 
lack meaning. The second princi- 


ple we seek to explore is passive ssi nad fen Ee 
design within a broad conceptual 4 m j sa Ers) 
sense as well as with respect l J ` f 


to specific building forms. This ; : | 

requires an understanding of i " | 

the significance of urban form in - ped un EH m iem 
energy conservation, the distinc- = D Sage i BS ke E 


tion between load dominated and 
skin dominated building pro- 
grams, as well as building 
typologies and design strategies 
suggested by these differences. 


lst Floor 
Association Building 


It does not suffice to simply 
appreciate these differences. 
In order to authenticate the 
design studio experience, real 
problems are employed, many in 


T Wiad driven Stin expella sising hot air 1 [T Operable window to release hot air 


Pa located in meshanical room is used when| 2 Vent in bearing wall allows hot air to 
e tovard tower 


n tower (mechanical 


urban settings, in order to make Beggen Zeen "E 
the design challenge significant E fot ate supply 
in relation to students’ profes- Summer Ventilation Summer Ventilation Winter Ventilation 
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sional development and to larger 
conceptual energy conserving 
strategies. Students are required 
to calculate derived energy sav- 
ings as a means of verifying 
design proposals as well as 
identifying those variables criti- 
cal to increased energy effective 
design which are then employed 
to modify preliminary proposals. 
Over the past 10 years, these 
calculation methods have been 
improving continually. We at- 
tempt to ensure that students are 
utilizing most current and ac- 
curate methods. For each proj- 
ect, students may be asked to 
calculate energy utilization 
several times as an integral 
part of an interactive design 
process emphasizing context, 
energy conservation and place- 
making. 


Our faculty is committed to this 
form of educational undertaking 
which will produce high quality 
professionals prepared to deal 
with design and energy con- 
servation, within many varied 
contextual settings. The strate- 
gies employed in our energy 
conscious design studio offer 
students the opportunity for 
developing the methodologies 
essential for successful prac- 
tice. 


Selected portions of two projects 
are presented here as repre- 
sentative of student work in the 
aforementioned studio. The 
Association of Collegiate 
Schools of Architecture has 
sponsored Energy Conscious 
Design competitions for five 
years with support from D.O.E. 
and the Brick Institute of Ameri- 
ca. We have used these competi- 
tions as one of the projects in 
a semester every year they have 
been offered over which time 
our students have consistently 
won awards and had their work 
published. In last year’s national 
competition, we received two 
cash prizes and were included 
in a publication of all the winners. 


As of this writing, we have just 
been informed that this year our 
students won both first and 
second place in the open sub- 
mission category in a field of 
2000 entries screened down to 
200 for the National jury. First 
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BTUH Total Allowable Heat Gain. C] 
SF Total Heat Gain and Loss lil 


2 


1 


1 Photovoltaic cells supply 504 of 1 Masonry bearing valla are fire rated to 
office electrical requirements preveat lateral spread of fire 

2 Rxposed truss cord - 10' O.C. 

3 Perlima 3' O.C. for lateral stability 2 Smoke vent induces fire to burn 

4 Wind vertically L 


Spec Building 

Heat Gain & Loss 
place went to Jill Johnson lation and formal composition 
and second place went to to form a memorable place to 
Matthew Tendler, both three year ` work. 
graduate students in our pro- 
gram. The second project is a com- 

munity service housing project 
The first project presented here for the Williamson Street 
is an entry to this year’s ACSA neighborhood in Madison, WI. 
competition by Rebecca James. It was designed last year by 
It is for a prototypical suburban James Shields. It is a skin- 
office building which is a load dominated building where 
dominated building type. The orientation, density, urbanity 
solution combines strategies for and sense of place were admi- 
daylighting, photovoltaics, venti- rably addressed. 


Exterior Wall System Smoke Ventilation 


T : 
H A m ———— I em a N 


Te oo = 


Ed E 


for parquet floors 


With Names Like These Behind Us The warm, natural look of a Teak or Karpawood parquet 

, . floor is treasured now more than ever before. These two im- 

You Know We're Not Just A Brickyard. ports are a delight to those who love the rich-grained beauty 
Serving Southern Wisconsin Architectural a ee eee r 

is the ultimate in beauty, elegance and pres- 
Needs For Over 76 Years. tige ... yet, it is very hard and will last for decades. 

Brick — Block — Pavers — Stone KARPAWOOD, known in Thailand as ironwood, is harder 

than oak, and has an extremely low coefficient of expansion. 
All Your Masonry Needs At One Location Both woods are available from our Chicago warehouse in 


many UNfinished and PREfinished patterns. 
Phone (collect) for free samples, brochures of 80 floor de- 


a SCONSIN ` signs, technical information, prices. Or, write: 
RICK & BLOCK Thailand Teakwood Importers, Inc 
A CORPORATION tend oe anne 
5 Nor ic igan Ayonue, Cnicago, Illinois 60611 
2840 UNIVERSITY AVENUE (We are Midwest distributors for Bangkok Industries, Inc., Philadelphia) 
MADISON, WI 53705 
(608) 238-2636 


Heat Reclamation 

Industrial Ventilation 

Energy Conservation 

Heat Transfer 

Air Balancing 

Heating, Cooling & Humidification 
Architectural Sheet Metal 

Pollution Control 

Fire Dampers 

High Pressure Systems 

Low Pressure Systems 

Solar Energy Space Heating Systems 
Solar Energy Water Heating Systems 


WORKING EFFECTIVELY TO MEET THE ENERGY CHALLENGE 
“EVERYTHING WE DO TOUCHES YOUR LIFE” 


SHEET METAL CONTRACTORS OF MILWAUKEE 
7635 W. BLUEMOUND RD. MILWAUKEE, WIS. 53213 
AREA CODE 414 258-8176 


Our Technical Manuals and Specification Manuals can help you. 
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Be Window Wise... 


KALWALL’ 


“The Most Highly Insulated 
Light Transmitting Material” 


INSULATE 
YOUR 
WINDOWS 


Cut heat loss through your windows 
by 55% 


Reducing drafts and cutting heat loss is like 
money in the bank. And 3M Magnetic Interior 
Rigid Insulating Windows save three ways: first, 
tough, vinyl moulding resists conductive heat loss 
better than metal. Second, the magnetic seal and 
gasketed moulding reduces cold drafts (and 
noise) from coming in. Third, tightly sealed dead 


| 
| 
| 
| 
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i 
| 
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| — WALL PANELS 
f 

| 

H air space cuts total heat loss in half. 
| 

I 

| 

| 

i 

I 

i 

d 

[| 

I 

$ 


— SKYROOF SYSTEMS 

— WINDOW REPLACEMENTS 
— SKYLIGHTS 

— SUNWALL® SOLAR PANELS 


The 3M Insulating Window converts a single- 
glazed window to double glazing; converts a 
double-glazed window into a triple-glazed window. 
Easy to put on and take off, it seals like a 
magnetic refrigerator door. 
Call us for a free cost estimate of professional 
installation. 
Your Windows Are Our Business .. . 
Residential, Commercial, Industrial, 
Institutional 3M hears you... 
—————ó a 
ENERGY SAVING WINDOWS, INC. 


4695 S. 108th St. 
MILWAUKEE, WISCONSIN 53228 


NIELSEN 


IRON WORKS 
P.O. Box 07080 
Milwaukee, WI 53207 


Energy Renovation Specialists 


Call or Write for Complete 
Information Today! 


(414) 769-6665 


$9 
mem wm mm mm wm M M NM NM NM NI wm M mm wm mm wm wm ma 


(414) 425-4200 8 


bE wm mm mm um um mm um mm mm mm um mm 


n" pla o ÁVIID a assocrares, iwo. 


Testing & Balancing € Air Distribution € Hydronics € System Anolysis 
“The Professionals” 
‘There is nothing more expensive to 


own and operate than a building with 
inefficient HVAC systems!" 


Performance Verification of Existing 
Systems is First Step in 
ENERGY CONSERVATION 


12557 WEST BURLEIGH ROAD € BROOKFIELD, WI 53005 e 
(414) 784-0025 
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Lessons From A Passive Solar Pioneer 


By Michael Utzinger, 
Asst. Professor 


Frank Lloyd Wright's Jacobs 
I| house, designed in the 1940s, 
is widely recognized as a pio- 
neering example of passive solar 
design. Wright called the house 
a solar hemicycle, as its curved 
form was believed to admit or 
reject sunlight according to the 
season. Many features appro- 
priate to solar architecture are 
designed into this house. All 
living spaces have access to 
winter sunlight; the north wall 
is heavily bermed; masonry 
walls and concrete slab provide 
ample heat storage preventing 
overheating on sunny days; and 
a large overhang shades win- 
dows during summer. Unfortu- 
nately, the floor slab and roof 
are uninsulated, and south 
windows are single pane. During 
the 1980-81 winter, heating the 
home with fuel oil cost approxi- 
mately $4,000.00. Energy con- 
sumption for heating is greater 
than 200,000 Btu per square 
foot of floor per year. Frank 
Wrights thermal design inten- 
tions notwithstanding, the house 
is an energy disaster. 


As a class project, students 


Roof 16% 
Infiltration 27% 


Slab 14% 


Windows 28% 


Masonry 15% 


House heat loss as designed 2800.2 - 
12 


in the building energy analysis 
class were each asked to evalu- 
ate heat loss of the house as 
designed and to propose an 
energy retrofit. An important 
stipulation was that the visual 
image of the house could not be 
altered. The accompanying pie 
charts illustrate proportioning 
of heat loss between different 
skin components, for the house 
as designed and for the retrofit 
proposal illustrated at right. Heat 
loss is reduced nearly 5096 by 
replacing single pane glass with 
thermopane; insulating the roof 
and upper four feet of buried 
masonry walls; removing the 
slab to provide insulation and to 
place piping for radiant heating 
within instead of under the slab. 
Infiltration remains a major 
problem as long as an air lock 
entry is not provided and the 
fireplace not closed off. Esti- 
mated energy consumption is 
half the amount measured during 
1980-81. 


In addition to evaluating heat 
loss through the skin, solar 
gains through the curved south 
window wall were examined. 


Infiltration 43% 


Roof 5% 


Slab 9% 
Windows 19% 


Masonry 24% 


i o Btu. 
Redesigned heat loss 150 Hr °F 


More than one third of the 
windows have azimuths greater 
than 36 degrees from south. 
The result is reduced solar gain 
during winter and some direct 
solar gain during summer. If the 
window wall was straight and 
faced south, solar gains from 
November through March would 
increase by 20%. While the 
curved plan reduces solar energy 
entering the house during winter, 
the form does protect the south 
wall from snow and rain. A pro- 
tected outdoor microclimate is 
created which, during cold, 
sunny days, is much warmer 
than surrounding areas. 


The Jacobs II house provides 
architects with a number of 
lessons. Energy conserving 
architecture involves two 
levels of concern, issues at 
the building form scale and 
issues at the construction detail 
scale. Students evaluated the 
Jacobs II house at only the detail 
level. Yet their details reduced 
fuel consumption by 50%. 
Attention to detail is a necessity 
of energy conscious design. 
Energy issues must also be 
solved at the design level. For 
example, infiltration could be 
reduced in the Jacobs II house 
with the addition of vestibule 
entries. In the last analysis, 
this project demonstrates that 
application of passive solar 
heating concepts without an 
understanding of total building 
energy flows can serve to abdi- 
cate the most well-intentioned 
solar design proposals. 


Acknowledgements David Ha- 
vens and Loni Van Ryzin gra- 
ciously provided energy use 
information for the Jacobs Il 
house. Jerry Bruscato provided 
the illustrations. 
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Jacobs ll House 
Middleton, Wisconsin 1948 
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Ugly, leaky, drafty windows? Replace them with low maintenance Andersen 
windows. They iei beautiful and uber regardless of time exposure. 


l ! 
Gen Call us fot all your =| mm needs! 


Ss 
THE RADFORD COMPANY WISCONSIN MINNESOTA 
OSHKOSH, WISCONSIN FARGO, BISMARCK, j 
RADFORD-DISBROW, INC. NORTH DAKOTA NORTH DAKOTA [If | 
OMAHA, NEBRASKA MADISON, WISCONSIN 


82904 Copyright © 1982 Andersen Corp.. Bayport, MN Serving the Building Trade Since 1871 


WE MAKE ELECTRICITY. 
WE CAN ALSO HELP YOU 
MAKE BETTER USE OF IT: 


Electricity is our business. Making it and helping 
others make better use of it. Our Customer Service 
Representatives have the data and expertise to 
help you achieve greater energy efficiency in any 
project, residential or industrial. 

Call your local Wisconsin Electric office. One 
of our representatives will be glad to meet with 
you to discuss your specific requirements. 


Wisconsin Electric 
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FRENCH VANILLA.. "MAGNIFIQUE" 


Leave it to the French to take 
something as simple as vanilla and 
give it spice. Make it richer, creamier 
and tastier than it's been before. 

Leave it to Kohler to bring it to 
the bath. 

French Vanilla. Kohler's newest 
color leaves your decorating palette 
wide open because it blends so 


beautifully with any shade; yet stands 
by itself with a flavor uniquely its 
own. Exhibited here on the new 
Pristine™ Bath/Whirlpool, Ellipse™ 
lavatory and Rialto Water-Guard® 
toilet. Just a small part of the gallery 
of bath and powder room fixtures 
Kohler has created in French Vanilla. 


THE BOLD LOOK 


OF KOHLER 


This is a color that must be seen 
firsthand to be experienced. To view 
French Vanilla, as well as the full 
spectrum of bold Kohler colors and 
exciting Kohler products for the 
kitchen, bath, and powder room, 
check the Yellow Pages for the 
Kohler showroom near you. 


Green Bay Bus Terminal 


By David Evan Glasser, Chairman 
Associate Professor 


In the Spring of 1980 | had the 
good fortune to manage a design 
studio which produced several 
remarkable results with respect 
to both architectural design and 
technology. The 699 design 
studio was a non-required 
course dealing with the integra- 
tion of solar, structural, con- 
struction and environmental 
issues in relation to conceptual 
architectural design. The class 
consisted of a mix of senior 
undergraduates and graduate 
students with a variety of back- 
grounds. Students were given 
the option to work individually 
or in teams. The term length 
project discussed in this article 


was developed by a team of six 
students: Mark Helminiak, Steve 
Greiczek, Larry Tuttle, Jon Erd- 
mann, Greg Baum and Doug 
Lasch. 


The program for the building, 
which was developed with the 
Mayor's office of Green Bay, 
consisted of the following ele- 
ments: 


1. A multi-transit center in- 
corporating 14-16 intercity 
buses, principally Greyhound, 
and as many as 26 local 
buses. The center was con- 
ceived as a depot and ex- 
change point for city and 


intercity travellers. 


. Major waiting room with ancil- 


lary amenities. The develop- 
ment of a humane and service- 
able environment was 
stressed. 


. Office space for City and State 


governmental offices - approx. 
80,000 s.f. 


. Commercial office space of 


approx. 80,000 s.f. 


. Rentable commercial space 


for retail stores and service 
establishments. 


BUILDING 
IMAGE 
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6. Skywalk connections to ad- 
joining civic and commercial 
developments. 


7. Thermal efficiency and use 
of passive solar techniques 
were emphasized. 


In addition to these points, it 
was determined beforehand that 
all projects were to be developed 
using precast concrete as the 
principal structural and archi- 
tectural medium. Besides inten- 
Sive readings and lectures on 
the subject, the class visited 
several major precasting plants 
in the region to develop a first 
hand understanding of the tech- 
nology involved. The team whose 
work is illustrated here entered 
their project and gained third 
prize in the PCI international 
student competition. 


The project is noteworthy from 
both an architectural and educa- 
tional standpoint. First of all, 
the project is artistically dis- 
tinguished, the more so for being 
a collaborative effort. Secondly, 
the well-researched under- 
standing of both the solar and 
structural aspects are intrinsic 
to the design, rather than applied 
stylistic elements, as is often the 
case in student work. Most im- 
portantly, engineering work and 
computer analysis were under- 
taken to test the hypotheses 
incorporated in the project, 
resulting in a project beyond 
the realm of the typical student 
effort. 


Thermal performance character- 
istics of this multi-use facility 
were assessed to be extremely 
favorable. The design incorpor- 
ates three multi-level south- 
facing greenhouses generating 
high winter air temperatures 
which are collected by virtue of 
Stack effect' distributed by fans 
within the floor system to north- 
facing portions of the structure. 
In addition, the thermal mass of 
the structure was such as to be 
able to function partially as a heat 
Sink, permitting nighttime re- 
radiation into greenhouse 
spaces to maintain 55 F with 
Outside air temperature at 0 F 
without supplementary heat. 
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WAITING 
AREA 


THE 
ULTIMATE 
COVER-UP 


GYP-CRETE FLOOR UNDERLAYMENT 
For Radiant Heating Floor Tubes 


complete interior plantscaping 
sales/leasing 


maxin 


Interior Plant 


SOLAR RADIANT HEATING 
GYP-CRETE flows quickly over low 
temperature radiant floor tubes and sets 
to a smooth surface, ready to receive 
virtually any type of floor covering. 


L 


ENERGY EFFICIENT 

GYP-CRETE seals out heat loss and has 
a "k" factor of 4.3. Because GYP-CRETE 
is installed at 1%” thickness over 2" O.D. 
tubes, the heat recovery time is greatly 
reduced compared to 2" toppings. 


SAFE AND QUIET 

GYP-CRETE sets without shrinkage 
cracks, completely sealing the drywall at 
the base of a room and perimeter of the 
building against fire, smoke and sound 
leaks. 


EQUIPPED FOR ECONOMY 
GYP-CRETE is applied quickly and 
expertly by trained professionals; 1,000 to 
30,000 square feet poured easily in one 
day ... ready for foot traffic the next hour, 
construction traffic the next day. 


No matter which type of membrane you apply, insulating it 
with STYROFOAM* brand insulation gives new roofs a long- 
term lease on life. Besides delivering big energy savings, 
STYROFOAM protects membranes from foot traffic, me- 
chanical abuse, freeze-thaw cycles and ultraviolet degra- 
dation. Plus, using STYROFOAM is easy, fast and economical. 


CO 


Trademark o! The Dow Chemical Company 


WARNING: STYROFOAM brand insulation is combustible and should be properly in- 
stalled. For roofing applications it should be provided with an adequate protection. For 
specific instructions see Dow literature available from your supplier or from Dow. 
1-183-E ©1981 The Dow Chemical Company 


EDWARDS SALES 


6530 Cambridge Street - Minneapolis, Minnesota 55426 ACOUSTICAL FLOORS 
OF WISCONSIN, INC. 
P.O. Box 477 
Pewaukee, Wisconsin 53072 

(414) 691-9105 

20 wisconsin architect/august, 1982 


Improve 
concrete 
performance 
and lower 
costs with 


Fly Ash 


It really works! Fly ash makes concrete stronger 
and more workable without costing you more. 


Fly ash is a pozzolan. It makes concrete stronger; it 
increases density and resistance to leaching, acid or 
alkali attack. 


Powder-fine fly ash has lubricating effects. It makes 
concrete easier to pump, flow and finish. Fills forms 
completely. Gives you sharper, chip-resistant edges 
and fine details. Fly ash concrete takes less water, 
so it is more impervious. 


And now, you can get the highly desirable fly 
ash produced from low-sulfur western coal! 
From our new electric plant, Weston 3, in 
Wausau, Wisconsin. With all the high 
« Standards and careful control a new facility 
^. offers...for the best fly ash available. Along 
KS professional services offered by 
ES Contech, Inc., 
Minneapolis, our fly 
ash marketing agent. 
Fly Ash. Just wħat you 
.. need for b er Concrete at 
_ || lower cost in foundations, 
| garages, driveways, floors, 
walls, pools, roads. 
Fly ash concrete and 
more information 
available on request 
from your ready-mixed 
concrete suppliers. Or 
write WPSC for free, 
NEW Fly Ash Idea Kit. 


Putting Fly Ash 
To Work 


Wisconsin Public Service Corporation 
and Contech Inc 


Wy eapi usy Ald OSdM 


NSIN PUBLIC SERVICE CORPORATION TA 


Industrial Applications Dept. 
P.O. Box 700, Green Bay, WI 54305 N3 
414-433-1626 
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Some 
Thoughts 


On 
Building 


Conservation 


By Douglas C. Ryhn 
Associate Professor 
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Measured drawing of Day House, Wauwa- 
tosa, by Kirk Keller. 


When one speaks today of en- 
ergy consciousness in archi- 
tecture, it seems only natural 
to speak as well of the con- 
servation of older buildings. 
Anything built before World War 
Il can be defined as an older 
building, but in terms of energy, 
another factor should be con- 
sidered. Those older buildings 
were designed and constructed 
during a period when the cost 
of fossil fuel was high, relative 
to the general economy of the 
day. It was during those times, 
much as now, when architects, 
builders and owners had to be 
concerned about energy and 
therefore placed a great deal 
of emphasis on natural heat, 
light and ventilation. 


Later, in the period from World 
War Il up to the 1973 embargo, 
so-called cheap fuel bolstered 
the drive for lightness, trans- 
parency and flexibility, giving 
buildings of that era their dis- 
tinctive character. The fact that 


they were not energy efficient, 
with some notable exceptions 
here in the midwest, was of little 
importance. Instead, emphasis 
was placed on the high tech- 
nology that would produce the 
new images faster. In the 
process, architects  experi- 
mented with innovative strate- 
gies such as glass towers with 
no apparent reference to orienta- 
tion and windowless classrooms 
designed to hold students' atten- 
tion. All in all, it was a free 
wheeling, no holds barred period 
of architectural development, 
when technological potentialities 
obscured many time-tested con- 
struction strategies, producing 
a vast stock of buildings with 
future historians will be hard 
pressed to evaluate. 


Today's new buildings, of 
course, will have to respond 
to high fuel costs, either by 
design or by law. It is therefore 
really older buildings to which 
attention should be directed. 
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What are some of the energy 
attributes associated with older 
buildings? Of major significance, 
because it can be readily quanti- 
fied in terms of dollars or gallons 
of fuel or BTU's is embodied 
energy. It was no surprise that a 
recent poster stressing historic 
preservation depicted an older 
(late 19th century) building as a 
fuel container. 


Embodied energy is generally 
thought of as energy already 
invested in materials or con- 
struction. It ranges, for example, 
from the fuel burned to run the 
huge shovels that mine bauxite 
and the trucks and ships that 
transport the ore to processing 
plants to the electricity required 
to reduce the bauxite first to 
alumina, then aluminum, to the 
power needed to fabricate and 
anodize the building com- 
ponents and, finally, to the fuel 
needed on site to run the equip- 
ment that will place the com- 
ponents on the building. 


This scenario of taking raw 
materials through processing 
into building materials and then 
into construction is repeated for 
practically every material ever 
used in building. Clay becomes 
brick and tile, limestone be- 
comes cement, iron ore becomes 
Steel, and yes, even with renew- 
able materials, trees become 
lumber and plywood. When one 
becomes accustomed to looking 
at materials in this fashion, 
it is obvious that older build- 
ings represent not only some- 
thing of historic or architectural 
significance, but also a valuable 
resource rich in embodied 
energy. 


The customary technique used to 
measure embodied energy is to 
compare the weight or volume of 
a particular material with an 
equivalent amount of fuel such 
as gallons of gasoline or the 
heat-producing equivalent in 
BTU's. Following are some inter- 
esting examples taken from New 
Energy from Old Buildings, Na- 
tional Trust for Historic Preserva- 
tion, 1981. One should probably 
begin with a simple yardstick; 
the energy embodied in 8 care- 
fully laid bricks in the wall of an 
older building is equal to the 
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energy in one gallon of gasoline 
or about 125,000 BTU's. An 
example on quite a different scale 
is that of a 5 ton steel girder, 
which requires the expenditure 
of 257 million BTU's for pro- 
cessing and fabricating, plus an 
additional 13 million BTU's for 
transportation and erection, all 
adding up to a grand total of 
270 million BTU's or slightly 
over 2000 gallons of gasoline! 
Some other examples which help 
further the point include these: 
it requires 450,000 BTU's to pro- 
duce one gallon of paint, it takes 
96,000 BTU's to produce a cubic 
foot of concrete, about the same 
for a cubic foot of stone, and 
about 9,000 BTU's to produce a 
board foot of lumber. No material 
is immune from conversion 
costs in terms of dollars and/or 
energy, and it follows therefore 
that conservation of older build- 
ings through historic preserva- 
tion or adaptive reuse is a pru- 
dent consideration. 


Other important attributes of 
older buildings are the archi- 
tectural elements and details 
which were developed to re- 
spond specifically to control- 
ling the natural environment. 
Architects and builders have 
always dealt with the sun, both 
to capture heat and light and 
equally important, to exclude 
them. In the process, an in- 
credible array of porches, 
clerestory windows, covered 
walkways and courts evolved 
as intrinsic parts of the vocabu- 
lary of older buildings. As if that 
were not enough, deep-set win- 
dows in heavy thermal mass 
walls often provided some 
degree of overhead shading to 
the south and side shading to the 
east and west. To these details 
add window shutters, vestibules, 
and cupolas, and one can 
quickly recognize the rich legacy 
awaiting anyone fortunate 
enough to find a handsome older 
building available for historic 
preservation or adaptive reuse. 


Building conservation then is 
energy conservation with all the 
myriad additional benefits 
thrown in, preservation of archi- 
tectural treasures, enrichment 
of cultural heritage and con- 
tinuity of the historical thread. 
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We've made energy communications 
a function of telephone communications. 


If you think the 
telephone is only e s 
for helping people Bar? "omplete energy control. Dimension/ECS gives building managers con- 
communicate, you : rol over typical energy-consuming equipment: air handling units, water 
haven't heard about eaters, elevators, generators, lights, refrigeration equipment, fans and 
Wisconsin Telephone's » Ei more. It can be programmed to meet the specific needs and energy 
Dimension* PBX phone i [T saving strategies of a building through on-off patterns, cycling, 
system with Energy Com- `" T7 -~ temperature and speed control and peak load reductions. 
munications Service (ECS). c 

This Bell System develop- 
ment combines internal tele- 
phone service and energy control 
into a single, integrated system. 


LE 

Ce Advanced phone communications as well. Dimension/ 

"e ECS also provides some important phone communica- 
tions advantages: Speed Calling, automatic callback, 

- guard reporting, paging ... and many other 

features that can be tailored to the type of 

building being considered. 

The Bell System Dimension/ 

ECS. It's proving that tele- 
phone communications is a 

=~. lot more than meets the ear. 


One communications system is cheaper 
than two. Dimension/ECS is a major construc- 
tion cost saver. Since ECS utilizes internal 
Dimension system phone lines to communicate be- 
tween its central Energy Console and typical energy- 
consuming devices, construction costs are substantially e 3 For details, call Richard 
reduced. ECS is a part of the telecommunications system, so ` TOT s 1 _ Kaul, Wisconsin Tele- 
the total cost is only a fraction of having a separate energy manage `. i ` EN x hone Account Executive 
ment system. yr architects and en- 

eers. Call toll-free at 1- 


T4 
go tet 


Savings on fuel and utility costs. Construction costs are only part of z 
savings of Dimension/ECS. The system can also be counted on to reduce , "ein " 
fuel and utility bills by 10 to 20 percent over the life of a building. In some : Pe Registered trademark of AT&T Co. 
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RETAIN YOUR EARNINGS BY 
LOWER OPERATING COSTS 
USING PRECAST, PRESTRESSED 
CONRETE INSULATED WALL PANELS 


TAKE ADVANTAGE OF THE 
INHERENT THERMAL STORAGE OF THE 
CONCRETE MASS COMBINED OF 
HIGH "R" VALUE INSULATION 


PLANNING YOUR ENERGY SAVINGS? 


O 
O 
= 
> 
O 
EY 


EI 


d 


COMPLETE STRUCTURAL BUILDING 
SYSTEMS 


2448 Century Road Green Bay, WI 54303 414/494-3436 
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Passive Solar Design In Wisconsin 


By Michael Utzinger, 
Asst. Professor 


When passive solar heating 
Systems are well integrated 
with architectural design, sig- 
nificant fossil fuel savings can 
result. However, improper design 
of a passive solar building can, 
as illustrated by the Jacobs Il 
house, waste large quantities of 
energy. Appropriate passive 
solar design requires an under- 
standing of the relationships 
between solar collection, heat 
storage and space heating loads 
of the building. This under- 
standing is best approached by 
examining paths of heat transfer 
in and out of buildings. During 
winter buildings lose heat to 
the environment via skin conduc- 
tion, conduction through the 
ground and air infiltration. These 
paths are typically summed 
yielding the total building heat 
loss. This heat loss must be 
replaced to maintain thermal 
comfort. Buildings gain heat 
from lights, people, equipment 
and solar radiation. Heat gains 
from lights, people and equip- 
ment are typically summed and 
referred to as internal heat 
gains. When total heat loss 
exceeds internal and solar heat 
gains, heat is supplied by the 
HVAC system. 


An important measure of building 
space heating requirements is 
the annual space heating load. 
This is an estimate of heating 
energy (both solar and fossil 
fuel) which is required to provide 
a specified minimum thermal 
comfort level. Computation of the 
total annual load includes effects 
of skin conduction, infiltration, 
heat loss to the ground, thermo- 
stat settings, internal heat gains 
and the severity of the climate 
(as measured by degree days). 
Passive solar energy contribu- 
tion to the annual space heating 
load is determined from the an- 
nual solar heating fraction, which 
is defined to be the fraction of 
annual space heating load met by 
solar energy. For a given location 
and passive solar collector, the 
annual solar heating fraction will 
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be a function of three variables: 
the annual space heating load, 
passive solar collector area, and 
heat storage capacity of the 
building. These three variables 
are combined into two system 
parameters. The first system 
parameter is the collector-load 
ratio. The collector-load ratio 
is determined by dividing the 
collector area (in square feet) 
by the annual space heating 
load (in millions of BTU). For 
a particular passive solar build- 
ing the collector-load ratio is the 
square footage of area of solar 
collector provided per million 
BTU of total annual heating load. 
As solar input of a given passive 
solar collector is strictly a func- 
tion of collector area, the col- 
lector-load ratio can be imagined 
as the ratio of passive solar 
heat gain to annual space heating 
load. 


The second system parameter 
is the storage-collector ratio. 
This ratio is determined by divid- 
ing the heat storage capacity 
of the building by the square 
footage of passive solar col- 


M» 


lector. The heat storage capacity 
of the building is measured in 
BTU per degree fahrenheit. The 
storage-collector ratio is a 
measure of the building's avail- 
able heat storage capacity for 
each square foot of passive 
solar collector. 


The relationship between the 
annual solar heating fraction 
and the two passive solar system 
parameters described above is 
illustrated in Figure 1. Values 
of collector-load ratio are indi- 
cated along the horizontal axis 
of the graph. The two curves 
represent high and low values 
of storage-collector ratio. For 
any unique combination of sys- 
tem parameters, the annual 
solar heating fraction is found 
on the vertical axis. There are 
two important characteristics of 
this graph. First, at low values 
of collector-load ratio the amount 
of solar energy available at night 
is small. Therefore, the value of 
storage-collector ratio has little 
effect on the solar heating frac- 
tion. At high values of collector- 
load ratio, there is a large amount 
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Figure 1. Typical passive system performance curve. 
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Wisconsin Direct Gain Chart No.2 
Double Pane Glazing; Night Insulation 


annual solar heating fraction 


CLR 


heat storage capacity 


collector area 


collector area 


base annual heating load 


Figure 2. Typical passive solar design chart for Wisconsin. 


of solar energy available for 
storage. Thus the storage- 
collector ratio has a significant 
effect on annual solar heating 
fraction. Second, at high col- 
lector-load ratio values daily 
solar gains exceed daily heat 
loss more often during the year. 
Therefore, additional collector 
area will not provide as much 
useful solar energy gain at high 
collector-load ratios compared 
with low collector-load ratios. 
This effects results in flatter 
Curves at high collector-load 
ratios. The form of passive solar 
performance curve illustrated in 
Figure 1 is typical of any type 
of passive solar heating system. 


General methods are available 
for estimation of the annual solar 
heating fraction. However, these 
methods require monthly esti- 
mates of absorbed solar radia- 
tion and space heating load. 
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Either 16 hours of hand calcula- 
tions or a computer is required 
for a single estimate of solar 
fraction. The School of Archi- 
tecture received a grant from 
Wisconsin Concrete Products 
Association and the Concrete 
Masonry Industries to produce 
a simpler method of passive 
solar system evaluation. Re- 
search indicates that for a spe- 
cific passive collector type (eg. 
8 inch thick collector-storage 
wall with two glass covers), 
one chart plotting annual solar 
fraction as a function of col- 
lector-load ratio and storage- 
collector ratio will provide good 
performance estimates for any 
Wisconsin location across a 
range of thermostat settings 
and internal heat gain values. 
Passive solar design charts have 
been developed for six direct 
gain and nine collector-storage 
wall passive systems. A sample 


direct gain chart is illustrated 
in Figure 2. These charts will 
give performance estimates 
comparable to computerized 
methods yet require only one 
to two hours of calculation. 
Average difference of cost esti- 
mates of auxiliary space heating 
requirements between design 
charts and computerized 
methods over a range of loca- 
tions and system configurations 
is $5.00 per year. The charts 
are very useful in a design itera- 
tion process where collector area 
and skin thermal quality are 
optimized. A 90 page handbook 
describing passive system 
evaluation is available for $5.00 
from Wisconsin Concrete Prod- 
ucts Associations, 512 Alta Loma 
Dr., Theinsville, Wisconsin. The 
booklet includes description of 
the chart method, worksheets, 
charts and and illustrated 
example. 

27 


Firmness. Commodity. Delight. 


"== The best choice to shade and insulate. 


SOLAR SHADING SYSTEMS 
DUAL INSULATING SHADES 
MANUAL, MOTORIZED AND AUTOMATIC 


CHOSEN FOR: 


CORNING ADMINISTRATION BUILDING — DAVIS-BRODY ARCH. 
NATIONAL GALLERY OF ART, WASHINGTON, D.C. — I.M. PEI 
ARCO ANACONDA, DENVER, CO. — SKIDMORE, OWINGS & MERRILL 
FEDERAL RESERVE, PHILADELPHIA, PA. — EWING-COLE, ARCH. 
PHILIP MORRIS, RICHMOND, VA. — DAVIS-BRODY ARCH. 
|.B.M., TARRYTOWN, N.Y. — EDWARD L. BARNES, ARCH. 
FIRST INTERNATIONAL BANK, HOUSTON, TX. — GENSLER & ASSOC. 
STANDARD BRANDS, NY, NY — SWANKE/HAYDEN/CONNELL PARTNERS, ARCH. 


REPRESENTED BY: 
W.L. HALL CO. 
BUILDERS SPECIALTIES 
14800 MARTIN DRIVE 
EDEN PRAIRIE, MN 55344 
(612) 937-8400 


Benefits of Membership in WSA 


2 


. Work. Whether you are an employee 


or an employer, WSA helps you get 
work by means of job listing, client 
referral, “how to" seminars and cas- 
settes, etc. 


. Marketing Information. You get no 


place without this today. WSA or- 
ganizes seminars, makes available 
printed material, cassettes, inserts 
information in the Wisconsin Archi- 
tect. 


. Firsthand News affecting the prac- 


tice of architecture by means of com- 
mittee reports, Hotline, Wisconsin. 
Architect, etc. 


. State Agencies’ Contracts are up- 


dated with the help of WSA repre- 
sentation. Some past inequities have 
been corrected. 


. AE Selection by means of bids is 


an invitation to disaster. You know 
it. Does your prospective client know 
it? Get the background and current 
information on this development. 


. Insurance Rates. Maybe your premi- 


um or your exposure can be reduced. 
WSA has committees working on 
this, information and advice to give 
you. 


. An Eye On Legislation affecting zon- 


ing, planning, professional registra- 
tion, taxes, procurement of services 
and other matters of interest to the 
profession and the construction in- 
dustry. 


. Legislative Relief. WSA has an ac- 


tive legislative committee and min- 
uteman program. 


An Eye On Building Codes. Com- 
mittees have been working at state 
and national levels to improve regu- 
lations affecting buildings. 
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11. 


12. 


13. 


14. 


15. 


16. 


Té. 


. Continuing Education programs on 


all of the timely subjects, like mar- 
keting, energy conservation, produc- 
tion efficiency, etc. 


Library of architectural books is 
available on loan at no charge. Cas- 
settes and slides on a wide range 
of important subjects are available 
at no charge. 


Exchange Of Ideas, Exploration of 
mutual technical and professional 
problems at local and state meet- 
ings. 


Learning By Association with other 
architects and distinguished non- 
architect guests. Every person you 
talk to at local or state meetings is 
an expert on something. 


You Become Part Of effort to main- 
tain and improve high ethical and 
technical standards. For instance, 
a lot of discussion is taking place 
now on the new revision of the AIA 
Standards of Professional Practice 
(the "Code of Ethics"). Why don't 
you get in on this? 


A Forum for presentation of view- 
points. You play a part in establish- 
ing the standards of the profession 
by expressing your opinion at local 
and state meetings. 


Participation On Committees. You 
can be on a local, state or national 
committee almost for the asking. This 
could be very broadening and very 
instructive. 


Common Front presented on issues 
important to the profession. Witness 
WSA activity against competitive bid- 
ding. 


. Contract Forms and other docu- 


ments. These are sold by WSA to 
members — with same-day service. 
WSA members pay a discounted 
price for documents. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


Hotline and other communications 
which keep members up to date on 
numerous important matters. For in- 
stance, a synopsis of senate and 
assembly bills which are of interest 
to us are included after a review by 
a committee and attorney. 


The Wisconsin Society of Architects, 
Construction Industry Handbook, is- 
sued yearly, is a reference for valu- 
able information not found else- 
where. Look through the latest is- 
sue and discover its great value. 


Public Relations program in Wiscon- 
sin newspapers and our own maga- 
zine, The WISCONSIN ARCHITECT, 
distributed to important people out- 
side the profession. This educates 
the public, upholds the image of the 
architect. 


Status And Prestige enhanced by 
membership in local chapter, WSA 
and AIA. This translates into per- 
sonal satisfaction and better respect 
by the community. 


Information Service on such profes- 
Sional matters as state laws (pro- 
posed and enacted), document 
forms, state administrative struc- 
ture, licensing, sources for other 
needed information. 


Job Bank, for employees searching 
for employers and vice versa. 


Honor Awards program at both the 
State and Chapter levels which pro- 
vide peer recognition, as well as 
local, state and national publicity to 
winners. 


WATS Line - A toll free phone num- 
ber to be used in contacting the WSA 
office. 


DILHR Plan Delivery - The WSA staff 
will hand carry your plans to DILHR, 
pick them up, and return them to you 
for a nominal fee. 


Workmans Compensation Insur- 
ance - WSA members can partici- 
pate in a group plan which will re- 
turn a dividend. 
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The Spancrete Project 


Precast Concrete Passive Solar 


By Scott Johnston 
Research Project Coordinator 


In the spring of 1979 a program 
entitled Passive Solar and Hybrid 
Manufactured Buildings was cre- 
ated by the Department of Ener- 
gy. The program was designed 
to accelerate the incorporation 
of passive solar techniques into 
the construction industry 
through the manufactured build- 
ing market. Manufacturing firms 
ranging in size from small resi- 
dential prefabricators to metal 
building manufacturers with 
national distribution networks 
have taken part in the program. 


PROJECT DESCRIPTION 


In response to the DOE initiative 
a proposal was developed by 
Spancrete Industries of Wiscon- 
sin in conjunction with the En- 
ergy and Buildings Research 
Institute of the University of 
Wisconsin-Milwaukee. A three 
phase project was outlined for 
the development, testing and 
ultimate marketing of precast 
concrete passive solar build- 
ings. The thesis of the project 
was that concrete, being a mas- 
sive building material, has the 
ability to store large quantities 
of thermal energy. By using pre- 
cast concrete components for 
structural support and thermal 
storage, it was envisioned that 
significant energy savings might 
be achieved at minimal cost. 


Achieving the inherent potential 
of precast passive solar sys- 
tems, however, is not without 
its challenges. Foremost among 
the design issues that must be 
addressed is the diversity of the 
market for precast products. The 
market is comprised of mid and 
high-rise residential construc- 
tion, warehouses, manufacturing 
buildings, schools and offices. 
Each of these building types 
represents a distinct pattern 
of energy demands. The variation 
found in space heating needs 
is and example. In a typical large 
office building daytime internal 
gains from occupants, lighting 
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and equipment will exceed heat 
losses in all but the coldest 
winter months. Buildings in this 
category will obviously benefit 
from energy design strategies 
that are quite different from 
those employed in warehouses 
where internal gains are negli- 
gible. 


Another aspect of the diverse 
market becomes apparent when 
details of precast manufacturing 
and erection techniques are 
being considered. The manner 
in which precast components are 
utilized varies from one building 
type to the next. High rise resi- 
dences typically employ a bear- 
ing wall system. In office build- 
ings, where flexibility in space 
planning is important, post and 
beam structures are more often 
used. The sale of individual 
components, such as double 
tees or hollow core plank, for 
use as floors or exterior walls 
of steel frame structures also 
represents a major market. 
Ideally, passive solar systems 
developed for the precast market 
should be designed to allow 
incorporation into the range of 
building and construction types 
encountered. 


In addition to design considera- 
tions, a host of market factors 
will influence the success of a 
proposed passive solar building 
system. Certainly, all other 
factors being equal, if it can be 
demonstrated that the proposed 
building system will use less 
energy than alternative systems, 
it should enjoy an expanding 
market. Energy conservation is 
an integral part of the design 
of passive solar buildings. In 
a market sense, however, there 
is often a competitive relation- 
ship between passive solar 
strategies that emphasize in- 
creasing solar gains and the 
trend toward tighter construc- 
tion practice and higher R-values 
that is already evident in the con- 
struction industry. 


In the buildings where significant 
energy savings can be achieved 


Tee, 


eh 


through simple an inexpensive 
conservation techniques, the 
additional savings from a 
passive solar system may not 
appear to be an equally 
attractive investment. In this 
context it is important to view 
the market for passive solar 
buildings, not from the perspec- 
tive of an energy conscious 
designer or passive solar 
enthusiast, but from the view- 
point of the real estate investor. 
Investors will continue to assess 
the value of an energy system on 
the basis of its potential return 
in relation to other possible 
investments. An investor who for 
tax reasons does not intend to 
retain ownership of a new com- 
mercial property for more than a 
few years will not be willing to 
invest heavily in an alternative 
energy system with a payoff in 
excess of that period. 


As work on the Spancrete project 
progressed, two primary design 
objectives evolved from the 
market and manufacturing con- 
siderations noted above. First, 
it became clear that energy con- 
siderations alone would not 
override factors that have 
traditionally influenced the selec- 
tion of precast construction over 
competing systems. We came to 
understand that the design of 
precast passive solar systems, 
therefore, should best be ap- 
proached in terms of incremental 
change to existing manufactur- 
ing, erection and marketing 
practices. Secondly, it became 
clear that proposed designs 
would have to be sufficiently 
flexible to accommodate the 
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range of building types that 
currently comprise the market 
for precast products. In re- 
sponse to these guidelines, 
two strategies emerged for 
incorporating passive solar 
techniques and higher energy 
efficiency into precast concrete 
buildings: the use of precast 
collector-storage or Trombe 
walls and the use of hollow core 
floor systems for air supply 
and thermal storage. 


COLLECTOR STORAGE WALLS 
DESIGNS 


The Trombe wall concept is well 
known within the profession. 
Full scale Trombe walls have 
been studied in test rooms and 
in actual buildings under condi- 
tions of normal use. Based on 
testing and monitoring results, 
accurate simulations methods 
have been developed for pre- 
dicting Trombe walls per- 
formance in varying climates. 
Earlier studies have indicated, 
however, that the effectiveness 
of Trombe walls is limited in 
northern climates, such as Wis- 
consin, where solar availability 
in winter months is low. 


As part of this project, a total 
of six options were studied in an 
attempt to develop cost effective 
collector-storage walls designs 
for the Wisconsin climate. Op- 
tions investigated were as 
follows. 


@ Installing movable night in- 
sulation on wall exteriors. 

@ Use of special glass low in 
iron content to increase solar 
transmittance. 

@ Use of “Heat Mirror" glazing 
especially designed to reduce 
heat loss to the exterior re- 
flecting radiated surface heat 
back to the wall. 

€ Covering outer surfaces with 
a selective absorber material 
to reduce wall radiation loss. 

€ Casting plastic rods, con- 
taining phase change ma- 
terials, into the wall to reduce 
wall heat loss by lowering the 
outer wall surface tempera- 
ture. 


In addition to these alternatives, 
a stagnant Trombe wall, de- 
signed without thermocircula- 
wisconsin architect/august, 1982 


tion vents, was simulated to 
assess the value of thermo- 
circulation. Annual solar per- 
formance was simulated for the 
basic wall (i.e., double glazing 
with a painted black outer sur- 
face) and for each of the options 
except the use of phase change 
materials. Simulations were per- 
formed using the TRNSYS com- 
puter program from the Solar 
Energy Laboratory of the Uni- 
versity of Wisconsin-Madison. 
Incorporation of phase change 
rods was not simulated since 
a computer model for their be- 
havior is not available. 


The collector storage wall must 
be coupled to a building load 
in order to accurately simulate 
its performance and the auxiliary 
heating required. A warehouse 
building model served as the 
reference for heat loss and solar 
gain calculations. The assumed 
warehouse model was a 200' by 


400' structure 25' in height with 
the long dimension running 
east/west. Since the ratio of 
solar gains to heating load for 
the warehouse model is quite 
low, simulations for this building 
type will tend to approximate 
maximum theoretical perfor- 
mance. The annual heating con- 
tribution for each wall configura- 
tion along with net wall costs 
and simple payback periods are 
given in table 1. 


From these results it is clear 
that thermocirculation has an 
insignificant effect on collector 
storage wall performance in this 
climate. The four other options 
simulated do significantly in- 
crease wall output. They do 
not, however, greatly decrease 
the payback period when com- 
pared to the basic wall. The 
simple payback computations 
used here for system compari- 
sons do not account for inflation, 


Collector Storage Wall Options 


PHASE CHANGE SALT 
STORAGE RODS 


PRECAST CONCRETE 
CHANNEL PANEL 


SELECTIVE SURFACE 


GLAZING 


GLAZING GASKET 


table 1 


THERMAL BREAK 


Wall Perfomance and Payback Period 


DESIGN 
OPTION 


WALL OUTPUT 
BTU/SQ FT/YR 


Basic Wall 34,000 


Night Insulation 49,000 
Selective Absorber 57,000 
Low Iron Glazing 55,000 
Thermocirculation 35,000 


Heat Mirror 56,000 


PERFORMANCE INCREASE 
BTU/SQ FT/YR (%) 


SIMPLE 
PAYBACK 


- 13.4 yrs. 
*15,000 22.2 yrs. 
*23,000 12.1 yrs. 
*21,000 9.9 yrs. 
«1,000 


*22,000 


fuel cost escalation, interest 
on loans or tax credits. When 
these factors are taken into 
account somewhat shorter pay- 
back periods could be expected 
for all options. 


Phase change materials have the 
capacity to absorb large amounts 
of heat when changing from solid 
to liquid state. By incorporating 
phase change materials into the 
collector-storage wall, the peak 
outer wall surface temperature 
might be reduced as more energy 
is stored at the phase change 
temperature (81°F for the rods 
used). The result would be lower 
energy losses from the wall and 
increased collector performance. 
This thesis was tested by experi- 
ment. Phase change rods were 
cast into a concrete slab along 
with thermocouples to record 
the temperature profile through 
the wall. At peak temperatures 
(about 2:00 p.m. on a sunny day) 
test results indicated that the 
presence of phase change rods 
in the wall actually increased 
other surface temperatures. 
Since the higher temperatures 
observed would result in in- 
creased wall losses further study 
of this option was not under- 
taken. 


1011 BUILDING HOLLOW 
CORE STUDY 


A case study was conducted of 
a low-rise office building to 
analyze the costs and benefits 
of utilizing hollow core plank 
voids for air supply and direct 
radiant heating in a forced air 
mechanical system. The analysis 
is of the 1011 Office Building, 
recently constructed in Mil- 
waukee, Wisconsin, using a 
hollow core floor system on a 
structural steel frame. Building 
use patterns and financial, de- 
sign and construction con- 
siderations were determined as 
a base case against which re- 
vised construction costs and 
operating cost improvements 
could be measured. 


The 1011 Building is a three 
story building measuring 100' by 
170'. The interior layout is 
typical of speculative office build- 
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Exterior Zone Supp 
Thru Plank y 


Interior Zone Supply 


upply From 
Rooftop Units 


Typical Hollow 
Core Plank 


MECHANICAL/STRUCTURAL SYSTEM INTEGRATION 


ings. A central corridor provides 
access to tenant spaces which 
vary from totally open plans to 
schemes where separate offices 
predominate. 


The existing mechanical system 
is a variable air volume system 
for cooling only. Heating is pro- 
vided with direct resistance 
perimeter units and some interior 
radiant panels. 


In the case study, building struc- 
tural and mechanical systems 
were redesigned to interconnect 
hollow core plank voids with the 
mechanical distribution system. 
Exposing the underside of hol- 
low core plank also necessitated 
changes in framing and finish 
work. Thermal performance 
simulations and revised cost 
estimates were made to evaluate 


the redesigned building. 
STRUCTURAL REDESIGN 


A concrete post and beam sys- 
tem was substituted for the 
structural steel frame to enhance 
the marketability of the proposed 
building system and to reduce 
costs. The concrete columns and 
beams can be left exposed pro- 
viding a finished appearance 
while maintaining the fire rating 
of the building. The use of all 
concrete structural components 
also simplifies erection pro- 
cedures. 


By eliminating the hung ceiling, 
a lower floor to floor height is 
possible. The 10'-8" dimension 
used in the redesigned structure 
means that the floor to ceiling 
height (approximately 10’ 
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depending on plank depth) will 
actually increase. Structural 
costs are thus reduced while 
the potential for achieving higher 
levels of natural light within the 
spaces is enhanced. The elimina- 
tion of the hung ceiling would, 
however, require that structural 
connections and random holes 
through the plank to accom- 
modate mechanical and plumb- 
ing fixtures be more closely 
coordinated. 


MECHANICAL SYSTEM 
REDESIGN 


The heating, ventilating and air 
conditioning system used in the 
revised 1011 Building is a medi- 
um velocity variable volume 
System using ultralight Span- 
crete plank as part of the air 
distribution system. 


For south and north exposures, 


supply air is ducted through 
the plank voids to the perimeter 


Base Case System 


CONTINUOUS HOLLOW CORE 
PLANK WITH TOPPING 


Hollow Core Air Supply 


y 


AIR SUPPLY TO EXTERIOR 
ZONE THROUGH PLANK 
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terminal VAV units. The core 
section is served with conven- 
tional ductwork. All terminal 
units are under the control of 
space thermostats as dictated 
by tenant layouts. 


CONCLUSIONS 


Several findings have evolved 
from the work on this case study. 


1) Integrated precast concrete 
plank and HVAC systems do 
offer energy saving possi- 
bilities. The value of energy 
savings will be a function of 
climate and method of system 
integration. The results of 
thermal simulations per- 
formed indicate that both 
exposing the plank to the 
space and ventilating the 
plank at night via air circula- 
tion through the voids do 
lead to significant energy 
savings. However, our results 
also indicate that improved 
performance may be more 
directly attributable to 
exposure of thermal mass to 
the space than to actual air 
flow through the voids. 


2 


~ 


Mechanical system controls 
are important and could be 
crucial to the effectiveness 
of the ducted hollow core 
system. Energy savings result 
primarily from shifting or 
flattening out energy demand 
curves over the course of a 
day’s operation, through the 
efficient use of the buildings 
structural mass. Control 
strategies, such as tempera- 
ture setbacks, dead band 
thermostats, and preheating 
and precooling the hollow 
core plank in anticipation of 
space conditioning require- 
ments, will play a major role 
in the effectiveness of this 
system. 


3) The revised total construction 
cost for the 1011 Building us- 
ing Spancrete hollow core 
plank for ducting was actually 
lower than the cost of the base 
case building. Revisions 
made to increase thermal 
interaction between the plank 
and the occupied spaces also 
provided several opportuni- 
ties for reducing costs. Cost 


savings are achieved pri- 
marily through lower floor 
to floor heights and the elimi- 
nation of the suspended ceil- 
ing which in turn is made 
possible by supplying air 
through the plank rather than 
through separate ductwork. 


This latter finding is of particular 
importance to the market for this 
system in speculative com- 
mercial properties. Often the 
developer's primary concern is 
the initial cost of the building 
and not operating costs which 
can be passed on to the tenant 
or future owner. The fact that 
many commercial buildings do 
employ electric resistance heat- 
ing systems is in itself a func- 
tion of first cost economics. 
In buildings like the 1011 Build- 
ing, for example, the cost of 
substituting a conventional 
forced air mechanical system 
for baseboard resistance heat- 
ing would have been prohibitively 
expensive. 


Energy savings for the hollow 
core integrated mechanical 
Systems will depend on climate 
and on building system design. 
The positive thermal benefits 
Observed and the reduced first 
cost of the redesigned 1011 
Building fostered further re- 
search in this area. 


As a result of work begun in the 
Spancrete Project, a major in- 
dustry wide effort is now being 
planned for laboratory testing of 
air flow in hollow core plank. 
Test modules will simulate a 
range of possible building condi- 
tions. By varying plank configura- 
tions, air flow rates and tempera- 
tures, the dynamics of heat 
transfer in planks can be 
modeled. Performance data from 
these tests will ultimately be 
used to develop hollow core air 
supply and radiant heating de- 
sign methods. For the first time 
mechanical engineers will have 
the tools required to accurately 
determine comfort conditions 
and energy savings in buildings 
utilizing this system. In the 
process, a design concept that 
for years has been a novelty 
in the industry will finally gain 
the stature of being common 
practice. 
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NDOW SYSTEMS 


Multi-Chambered PVC window systems for effec- 
tive energy conservation. 


Trocal framing's low U-factor 
(.312BTU/HR/FT?/°F) saves 
fuel. 


All joints and sections are fused 
together to form a one-piece, 
solid frame and sash. No joints 
to seal. 


Economical to install - requires 
no maintenance. 


Trocal PVC windows won't 
swell, pit, peel, rot or dry out. 
No painting or repainting is ever 
needed. 


E Andco 


THE UPS 


AND DOWNS 
OF WOODEN 


SPIRAL 
STAIRS 


Over 6 Million in use 
around the world. 


Trocal profiles interchange to 
permit infinite variations. 


Suit any new design or construc- 
tion purpose and are equally 
suitable for renovations. 


Color-keyed to architectural 
scheme. 


Available in seven attractive 
colors to blend with the facade. 
Interior side remains white. 
Colors are permanent, can't 
peel off, fade, or deteriorate. 


Competitive in initial 
costs with thermal- 
break aluminum and 
wood systems. 


Manufacturers of 
Vinyl Windows 
2015 N. 54th Street 
Superior, Wisconsin 54880 
(715) 392-4736 


we 


f 
Ail We offer a 
f complete line of 
t 


spiral stairs in 
metal and wood. 


} 


Ken 


` ef Midwest 
(J SPIRAL STAIR CO. 


2153 W. Division St. 
Chicago, IL 60622 
(312) 227-8461 


OUTSIDE ILLINOIS 
CALL TOLL FREE 


800 - 621-3887 
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THE JULIEN SHADE SHOP, INC. 
ILLINGWORTH COMMERCIAL & RESIDENTIAL 


CORPORATION SINCE 1900 


THE HEADQUARTERS IN WINDOW INSULATORS 
*Mfg. & Distributor 
MECHANICAL CONTRACTORS ENGINEERS 1” & 2" Blinds Draperies & 


Vertical Blinds Hardware 


AIR CONDITIONING € SHEET METAL s ARR DE RIMIS 


PLUMBING € COMPLETE SERVICE @ HEATING 
Construction 276-3590 @ Service 276-6404 


CALL 1-800-242-1551 


P.O. Box 314 830 NORTH VAN BUREN re: any future specs. or work you may have 
MILWAUKEE, WISCONSIN 53201 403 E. ST. PAUL ST., MILWAUKEE @ PHONE 414-271-3864 


SCHULZ 
CONCRETE PRODUCTS, INC. 


8 ribs split 
AVAILABLE IN VARIOUS SIZE BLOCKS PER SPECIFICATIONS THERMAL AVAILABLE IN 8", 10", 12" CMU 


For Solutions To Problems of Interest- 
Bank On Cronstroms! 


The architects allows the beauty and 
of this financial openness of large 
institution pre- expanses of glass with 
sented a unique virtually no frost or con- 


challenge to densation, even at temp- 
glass manufac- X eratures of -30 F. Cron- 
turers and stroms was the first to 
Cronstroms. develop this Thermal 
The coopera- Barrier System over 
tive efforts of 16 years ago. 
the glass com- When you have a unique 
pany and the Cronco-Lite challenge, bank on Cron- 
division of Cronstroms stroms to help you! 
resulted in the striking 
solution you see here. Cronstroms 
Cronstroms team of crafts- Manutacturing, ine: — 
men produced the high - tawatha Avenue Sou 
quality CTS Thermal Bar- Minneapolis, MN 55406 


(612) 722-6671 


rier System which was 
fitted with specially curved 


glass panels. e 
The energy-saving design 

of CTS Thermal Barrier d E 

Systems eliminates metal- 


to-metal contact in curved 
or straight designs, and 


— For Over Fifty Years— 


Northwestern Bank, Fergus Falls, Minnesota 
Architects: Foss Englestad Foss, Fargo, North Dakota 
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Solar Graphics Research 


By Anthony Schnarsky 
Associate Professor 


Can a computer program assist 
a designer to develop an energy 
conscious building that also has 
architectural merit? This is the 
central question for a small 
energy research group within 
the UWM School of Architecture 
and Urban Planning. The "Solar 
Graphics" group is conducting 
research current with energy 
studies being undertaken in 
many parts of the country. In 
order to better understand the 
scope of this effort the reader 
is directed to the April, 1982 
issue of Progressive Archi- 
tecture for an excellent survey 
of state-of-the-art solar re- 
search. It will be seen that the 
performance goals for research 
at UWM match many of the 
issues discussed in this energy 
focussed magazine. 


Three factors make the "Solar 
Graphics” research relevant. 
First, an accurate, affordable 
design method tool is needed 
that can account for buildings 
on sites with crowded contextual 
settings. Most of the existing 
powerful energy analysis pro- 
grams cannot effectively account 
for solar access interference 
caused by surrounding buildings 
and vegetation as part of a 
general method. Second, a 
graphic tool requires develop- 
ment which will address the intui- 
tive and visual needs of the de- 
signer. One of our hypotheses 
is that the designer will be more 
apt to use a tool that responds 
with pictures of the design as 
well as graphs of the design's 
energy performance. A related 
contention is that users should 
not have to input huge amounts 
of numbers, nor have to sort 
through vast amounts of quanti- 
tative output. Lastly, our goal 
is to develop a tool that en- 
courages the designer to evalu- 
ate energy aspects earlier in 
the design process. Taken to- 
gether these goals lead to form- 
ing a graphic tool that will 
facilitate integration of energy 
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and design throughout all build- 
ing development phases in a 
timely and affordable fashion. 


UWM's ''Solar Graphics" re- 
search began when a graduate 
student who had just completed 
an energy course, and currently 
enrolled in a computer graphics 
course asked the impertinent 
question: "Can you put these 
two programs together?" The 
two programs referred to are 
called F-CHART and SHOW. F- 
CHART, developed at UW- 
Madison Solar Energy Labora- 
tory, is capable of accurate 
energy analysis for most condi- 
tions in a building. F-CHART 
is a design methods program 
because it statistically con- 
denses solar and weather data 
into twelve representative days 
of the year. More accurate pro- 
grams exist for energy analysis 
which give hour by hour simula- 
tion for each day of the entire 
year. These energy simulation 
programs are very expensive to 
use and they tend to defer 
exploration of energy issues 
until late in the design process. 
F-CHART encourages the users 
to examine many variations 
earlier because its input allows 
easy modification of the design 
parameters and because it is 
rapid and inexpensive to run. 
However, F-CHART cannot ac- 
count for surrounding context 
and it is not graphic in its output. 
The second program, SHOW, is 
completely graphic in attitude. 
SHOW can generate a picture 
representing most building and 
natural forms in the environment. 
The projections produced by 
SHOW can be perspectives or 
orthogonals taken from any 
vantage point that the user 
chooses. More compelling still, 
from any energy standpoint, is 
a visualisation of the proposed 
design called a "sun shot" or 
"sun view". The user can specify 
any location and orientation in 
the northern hemisphere at any 
time of day and get a view of the 


Figure 1: Two Sun Views of a Complex 
Building with Surrounding Context. 
These are computer generated isometrics 
called "sun shots". These projections show 
the user what surfaces and openings are 
exposed to the sun. The program can com- 
pute the exact area exposed at any given 
instant for any surface. This ability to 
compute instantaneous area is the basis 
for quantifying passive solar gains hour 
by hour over statistically typical days in 
the year. The program's general graphic 
methodology can account for many shapes, 
orientations and surrounding conditions. 
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Figure 2: Perspective View from Street. 
Not only is the designer concerned with 
energy issues, but at the same time must 
be concerned with architectural issues. 
Here the designer is viewing the same 
design as in Figure 1 from the vantage of 
up the street. 


Heat Loss Surfaces 


R 38 Surfaces - Ceilings and Floors 


Figure 3: Internal Representation of En- 
ergy Envelope. In the previous figures the 
output is visual. This figure indicates 
the internal model of the surfaces of the 
building from the standpoint of the ener- 
gy analysis. The shape, area, and orienta- 
tion of each surface in the envelope is de- 
rived from the same input data as the 
graphic output. Before this time F-CHART 
users had to compute these properties and 
input them. Now the properties are com- 
puted automatically. This ability to get 
visual as well as quantitative informa- 
tion from a single physical description is 
a powerful incentive to a busy profes- 
sional. 
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design in its context from the 
vantage of the sun. Shadows 
are not seen in these projections 
since the building is always per- 
ceived as if viewed by the sun. 


F-CHART with its powerful 
simulation capability provides 
the user with quantitative and 
technical predictions about the 
energy consumption related to 
design decisions. SHOW with its 
generality and visual simula- 
tion gives the user qualitative 
insights about design decisions. 
The impertinent student asked a 
good question regarding the 
needs of the professional in this 
area of energy and design inte- 
gration. 


Early in the research studies 
of existing programs found 
three significant deficiencies 
that would deter general de- 
signers from using computer- 
ized energy design methods. Re- 
search that would successfully 
overcome these deficiencies is 
current with state-of-the-art 
research. The first character- 
istic found in existing programs 
was a tendency to limit the range 
of design elements especially 
with respect to their type and 
orientation. For instance, only 
certain types of shading devices 
could be modelled and only for 
principal orientations like 
East, West, and South. The 
second limiting assumption 
in many existing programs was 
that the surrounding building 
forms and vegetation could not 
be accounted for. Most designs 


in reality do not occur on abso- 
lute flat sites, but rather on 
crowded conditions where solar 
access is often blocked. The 
third general deficiency found 
was the great tedium and 
specialized skill required to 
model and input the design into a 
computer energy analysis pro- 
gram. Related to this was the 
problem that for all that input only 
singular results came back 
usually in the form of a lot of 
numbers that had to be analyzed 
by the user. 


The two programs taken together 
produce technical capabilities 
that had not been previously 
examined for a design methods 
program. Now most architectural 
forms and energy systems and 
components can be modelled 
with a general graphic method. 
The effect of the surrounding 
context on solar access could 
be accurately predicted for any 
moment of the day. The designer 
now has less to pre-compute 
and input. For the effort of 
modelling the form once the 
designer receives multiple levels 
of output both in a visual form 
and in graphs representing the 
energy analysis. 


The integration of the two older 
programs, F-CHART and SHOW 
into a new one lead to a new 
energy design method program 
called SOLAR. This name refers 
to the program's extensive ability 
to account for solar energy gains 
and losses as well as other 
energy flows. 
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In addition to good technical 
versatility in energy analysis 
the research group has outlined 
a set of performance goals which 
are important to the tools use- 
ability given the other needs of 
the general designer. Without 
these characteristics the tool 
with all of its power will not be 
accepted by the practicing pro- 
fessional. Below are listed all 
of SOLAR's important perfor- 
mance goals for professional 
useability: 


USEABLE AT ALL DESIGN 
PHASES The program can be 
used at most stages of the de- 
sign process from schematic to 
contract documents. At early 
phases the program needs only 
rough approximate volumetric 
information and produces ac- 
cordingly approximate analyses. 
As the design approaches final 
level the energy analysis asks 
for more detailed descriptions 
and produces more accurate 
analyses. 


GRAPHIC METHOD ACCOUNTS 
FOR CONTEXT AND GREATER 
RANGE OF DESIGNS The graphic 
method enables an already 
sophisticated energy analysis 
method to account for surround- 
ing conditions and more com- 
plex designs. 


ENCOURAGE INTERACTIVE DE- 
SIGN The program encourages 
the designer to try variations in 
form, orientation, and properties 
of the envelope. The program is 
sensitive enough to account for 
detailed changes in the design. 
In effect the designer can try 
many variations and learn about 
this particular design first hand. 


INCORPORATE GOOD ENERGY 
DESIGN STANDARDS Especially 
during the schematic stage the 
program has many parameters 
pre-set. This is done in order 
to shorten input time, and to 
incorporate good energy design 
strategies already developed in 
an office. The program has a 
very easy technique allowing 
the user to review and change 
these parameters at any time 
quite easily. 


PROMPTED INPUT AND WORD 
COMMAND STRUCTURE The 
program prompts the user, often 
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drawing an illustrative figure 
to explain what needs to be input. 
The graphic nature of the pro- 
gram also helps to catch model- 
ling errors since the design can 
be viewed by the user. A word 
command structure gives the 
user easy control over the flow 
of the program. Some example 
commands follow: 

SHOW WALL 6 

CHANGE ROOF 3 TO U = .035 
HELP 


EFFECTIVE OUTPUT The output 
for the energy analysis begins 
with an executive summary. 
Realize that the data being 
generated internally comprises 
of what happens to all of the 
energy components in a building 
for twenty-four hours of twelve 
statistically representative days 
in the year. Initially, the designer 
wants only to see if the combina- 
tion of decisions for a particular 
design trial made any improve- 
ments over previous trials. The 
second concern is what con- 
tribution do major groups of 
components have to the total 
energy consumption. The execu- 
tive summary comprises of a 
scaled circle, a pie graph within 
the circle showing percent of 
contribution, and the total energy 
consumption per square foot. 
By this means the user can keep 
a history of various trials. For 
any trial more detailed lists of 
energy consumption by parts 
may be requested from the pro- 
gram. 


THE OUTPUT IS USEFUL FOR 
OTHER DESIGN TASKS The 
program produces data that 
is useful to task such as cost 
estimation, area take-offs, struc- 
tures, mechanical, lighting and 
electrical. 


When fully developed, SOLAR 
will be a very useful design tool 
that will give the user both visual 
and quantitative information to 
improve the building design. The 
program is particularly unique 
in the emphasis on integrating 
an important technical issue, 
energy, with other more general 
architectural aspirations. This 
program's goals balance the 
computer's rigor and numerical 
capacity with the intuitive 
capacity of the designer in these 
most difficult design conditions. 


TRIAL TRIAL 7 TRIAL 8 


A 4 AREA 47000 ARER 6 
Em BTU/SOFT ENERGY ENERGY gn 
497. 2806 2107? 


A 


TOTAL ENERGY 
132741 


TOTAL ENERGY MBTU/H TOTAL 
197394 131882 


Figure 4: Executive Summary of Energy 
Analysis. The figure above shows the 
last three trials attempted by the designer. 
Very quickly the user can see which de- 
sign uses the least energy per square foot 
(the smallest circle). In addition, the cir- 
cles indicate pie graphs showing the con- 
tribution of each major group of energy 
use in the building. For instance, A could 
be the roof, B all of the walls, C all of the 
openings, and D all of the miscellaneous. 
A typical energy design goal is to uni- 
formly balance these part useages. 
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Figure 5: Sun View of an Office Build- 
ing with a Solar Courtyard. This is a 
"sun shot" of the courtyard during a 
Spring or fall season. The question posed 
by this view is the amount of sun penetra- 
tion into the courtyard during seasons 
when micro-climate is important in ex- 
tending useability of outdoor spaces. 


Figure 6: Perspectives of Office Courtyard. 
This is a study of the same building as in 
Figure 5. These views show the designer 
checking the scale and proportion of the 
design decisions. 
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JER! 
ÆT 
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ROOFING & SHEET METAL INC. 
NEW — REROOFING — REPAIR 


BUILT-UP ROOFING 
ASPHALT 
COAL TAR 
ELASTOMERIC 


MEMBRANE WATERPROOFING 
BUILT-UP SYSTEMS 
ELASTOMERICS 

ARCHITECTURAL SHEET METAL 
METAL ROOFING 
MANSARD PANELING 


KOPPERS "DYCON" FILL 
TAPERED ROOF INSULATION SYSTEMS 


(414) 476-5800 


345 S. CURTIS RD., MILWAUKEE, WIS. 53214 


Granite. 
Beautiful for 
] heavy traffic areas. 


aca 


Architects: Lawrence Halprin & Associates Architect: Joe Karr & Associates, Chicago, IL 


1%" | 2" to 3" 


Cold Spring granite is a natural for landscape applications. Its warm colors 
and natural textures blend beautifully with the environment. And at the same 
time, granite provides the designer with the flexibility he needs to create areas 


of unusual and lasting beauty. 

At Cold Spring we now have a wide variety of Module 

Pavers and Durax Blocks available. For more informa- 

tion, plus a packet of full color literature illustrating our Y 
products in use, call (612) 685-3621. Or write to the 

address below. 


Cold Spring Granite Company, Dept. P 202 South 3rd Avenue, Cold Spring, MN 56320 
Booth #13 
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NEW ELECTRONIC ADDOMETER 
UEM | CALCULATOR 


FOR 

ARCHITECTS — DETAILERS 
ENGINEERS OR ANYONE 
USING FEET INCHES AND 
FRACTIONS 


. 
BEING DISPLAYED 7, 
AND ROUNDED TO 1/16 nc 
THE NEAREST 

1/16 INCH 


Free Pamphlet Write: 


Suite C 
ADDOMETER CO. 44901 Evans Ave. 


Dolton, IL 60419 


*Black & White Murals *8x10 Glossy Repros 
*We Reproduce Blueprints or Masters For 
Making Blueprints 


104 East Mason St. Milwaukee, Wisconsin 53202 


For Service... 


CALL: 1-(414)-272-1255 


VER HALEN, INC. 


Distributors Of 


Energy-Tight Windows, Patio Doors 
Wood Folding Doors 


Interior Contractors 
Acoustical Ceilings 
Office Partition Systems 


Serving the Construction Industry Since 1911 


VER HALEN, INC. 

4700 N. 124th Street 

Milwaukee, WI 53225 
(414) 463-7700 


Madison Green Bay 
(608) 238-0241 (414) 435-3791 
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WSA 
Fall Design Workshop 
September 17, 1982 
La Crosse 


Design 
Interpretations: 


Form 
Function 
Fantasy 


SOCIETY NEWS 


ANONYMOUS 
LETTER 


FALL 
WORKSHOP 
PLANNED 


IN 
LA CROSSE 


A recent issue of the WISCONSIN ARCHITECT published the results of 
a salary survey conducted by the WSA. If you haven't seen that issue of 
the magazine (May, 1982) read the numbers . . . and weep. 


If the numbers don't shock you as being on the low side for pro- 
fessional services you've been hiding. It's not uncommon for a 
lawyer to start work in Wisconsin at $18,000.00 per year and to be 
making $60,000.00 within the first 10 years of practice. Or how about 
accountants? CPA's in Wisconsin can make $20,000.00 in their first 
year and will probably make $50,000.00 by the time they have been in 
practice 10 years. Or how about your favorite consulting engineer? 
They can start at $19,000.00 per year, can be making $35,000.00 within 
10 years of graduating from school and can make over $50,000.00 
once they become a full partner in their firm. These aren't Harvard 
graduates working in New York City . . . these are your friends, neigh- 
bors, and high school classmates in Wisconsin. 


What's the problem? 
Fees. 


You've got a choice. Live poor, marry wealthy, or charge fees that 
provide adequate compensation for the professional service. 


Think about this disparity next time you sit down to negotiate fees. 


Editor's note — This letter was anonymously delivered to the WSA's 
doorstep in the dead of night under a full moon. Your comments on 
matters of significance to the profession (anonymous or otherwise) are 
solicited for publication. 


MOORE, CARLHIAN, WILLIAMS. What do these three architects have 
in common? They're all coming to La Crosse for the 1982 WSA/AIA Fall 


Design Workshop. 


This year's theme, entitled "DESIGN INTERPRETATIONS: FORM, 
FUNCTION, FANTASY” will be brought to life by 3 nationall-known 
architects - Charles Moore, Jean Paul Carlhian and A. Richard Williams. 


ACKAGE 


OILER 
URNER 


ERVICE CORP. 


5401 N Park Dr. 
Butler, WI 53007 


24 HOUR. Radio Dispatch Truck Fleet for 
INDUSTRY, INSTITUTIONS, SCHOOLS, etc. 
AUTHORIZED PARTS & SERVICE FOR 
CLEAVER — BROOKS, CLEVELAND 
CONTROLS, MORR CONTROLS CO. 
Throughout Wisconsin & Upper Michigan. 
SALES, BOILER ROOM ACCESSORIES, O? 
Trims, And-Car Automatic Bottom Blowdown 
Systems. SERVICE - CLEANING ON ALL 
MAKES. Complete Mobile Boiler Room Rentals. 


MADISON (608)249-6604 
GREEN BAY (414)494-3675 


MILWAUKEE . .(414)781-9620 STEVENS POINT. . (715)344-7310 
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The conference, to be held on Friday, September 17, 1982 at the La 
Crosse Center, will feature the 3 speakers in an all-day session, 
starting at 10:30 a.m. and concluding with a panel forum in the after- 
noon. 


Registration materials on the design conference will be coming soon. 
To illustrate the "Form, Function, Fantasy" theme, registrants from 
each firm will be asked to submit 3 slides for "interpretation" during 
the panel discussion. 


For more information, contact the WSA office. Registration will be 
limited to 200 people. 


beem 
WAF 


REPORT 


Richard Blake 


Robert Kluth 
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The Wisconsin Architects Foundation (WAF) was created in 1954 for 
the purpose of supporting architectural education. This support is 
provided through scholarships, lecturers, grants and special 
programs. 


Over the years the WAF dispersed an excess of $70,000 in funds, and 
currently has invested funds in excess of $55,000. The WAF currently 
disperses approximately $8,000 in grants and scholarships on an 
annual basis. 


Membership in the WAF is open to any individual or entity that makes 
an annual contribution or donation to the WAF. The WAF is operated by 
a nine person Board of Directors. The current Board is comprised of 
seven architects and two public members who meet three to four 
times a year for purposes of administering the WAF funds and 
actively soliciting additional contributions to the WAF. Three new 
members have recently been elected to the WAF Board of Trustees. 
They are Emma Macari, AIA, of Madison; Richard Blake, FAIA, of 
Milwaukee and Robert Kluth, Senior Vice President and The Radford 
Company, Oshkosh, Wisconsin and Division Manager of Radford's 
La Crosse office. The Radford Company is a wholesale distributor 
of millwork including Andersen Windows, Morgan Woodwork and 
prehung wood and steel door units. The Radford Company has been 
in business for 112 years and distributes throughout a six state area 
with offices in Oshkosh, La Crosse, Madiosn, Duluth, Fargo, Bismark, 
and Omaha. The second public member of the Wisconsin Architects 
Foundation is Paul Bronson, Chairman of the Board of Best Block 
Company. 


Current officers of the WAF are Leonard Reinke, FAIA, President; 
Paul Bronson, Vice President and John Somerville, AIA, Secretary/ 
Treasurer. 
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ARCHITECTS Effective May 1, 1982 Wisconsin imposed a 5% sales tax on various 


SALES types of landscaping charges, including "landscape planning and 
TAX counselling." An architect or any individual who provides services 
LIABILITY pertaining to the design or planning of landscaping must collect a 


596 sales tax. If the designer or planner charges the customer an 
amount for the total plan of constructing a building, driveway, etc., 
only the portion of the total charge that pertains to landscape planning 
is subject to sales tax. For more information contact Eric at the WSA 
office or contact the Wisconsin Department of Revenue (608)266-3873. 


WSA The WSA now has close to 800 members. This figure represents a sub- 
MEMBERHSIP stantial increase from the 525 members three years ago. 
REPORT 


Research indicates that more than 5096 of the time the immediate 
impetus for joining the WSA is provided by a member asking or urging 
a friend or associate to join. This request is usually made by someone 
who the non-member trusts or respects. Growth in the WSA member- 
ship is directly related to maintenance and growth of the quality of 
programming available to WSA members. Urge a friend or associate to 
join. If you need a membership brochure, an application, or background 
information, contact the WSA office. If you or a non-member feel that 
the WSA should be taking a new or revised direction in terms of its 
programming, legislative efforts, publications, etc., feel free to speak 
up and participate. 


Take the initiative. Ask a non-member to join. 
WSA membership dues have not been raised in seven years. 
Promote architecture by promoting membership in the WSA. 


You're supposed to look 
at this sampling of our work. 


Badiners, Minneapolis Dayton's, Minneapolis Gucci, Las Vegas 
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LAWSON David E. Lawson, AIA, of Madison has been elected to serve as a 
ELECTED member of the AIA Board of Directors for a three year term commencing 
TO January 1, 1983. Lawson was elected by representatives from the AIA's 
AIA North Central Region, composed of Wisconsin, Minnesota, North 
BOARD Dakota, and South Dakota. There are 36 members of the AIA Board of 
OF Directors, representing the over 36,000 members of the AIA. Leroy 
DIRECTORS Bean, AIA, the retiring representative of the North Central Region to 


the AIA Board of Directors was re-elected to a one year term as a Vice 
President of AIA. 


wm 


AIA The WSA office has discovered the source of AIA lapel pins. You can 
LAPEL put the bird on the lapel of your favorite suit (or anywhere else) by 
PINS calling Karen or Sandra at the WSA office and placing an order. These 


pins are only available to WSA/AIA members at a cost of $5.00. 


Promote architecture and AIA by wearing your pin. 


We think good work speaks for itself. 
And we've been doing outspoken custom 
display and casework for years. 

Catering to creative architects. 

As well as to their medical, institutional, 
financial, retail and hotel/motel clients. 

With a flair for detail and a quality of 
craftsmanship that can enhance any 
design. Within any budget. 

A small sampling of which you see 
on the left. A larger sampling of which you 
can see simply for the asking. 

So dont be limited by stock designs. 
No matter what your casework needs, 
call us. At 1-800-328-8043. Or in Minnesota 
at 612/375-1606. Or write 
Carlson Store Fixtures, 26 N. 5th Street, 
Minnea lis, MN 55403. 


9 
CARLSON 
STORE FIXTURES 


A division of Stein Industries, Inc. 
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KWATERSKI BROS, WOOD PRODUCTS 


Manufacturers Of 
GENUINE SOLID WOOD INTERIOR PANELING 
One Of Wisconsin's Largest Selections 
1140 W. Big Lake Loop Rd. 
Three Lakes, WI 54562 
(715) 546-3260 


STS Consultants Ltd. 


Consulting Geotechnical, Environmental 
& Materials Engineers 
540 Lambeau St., Green Bay, Wis. 54303 
Telephone (414) 494-9656 
9055 N. 51st St., Milwaukee, Wis. 53223 
Telephone (414) 354-1100 


COMPUTERIZED 
TRUCTURAL 
ESIGN, INC. 
1123 sherman, madison 
d 5678 West Brown Deer Road 
WISCOnSIn 53/08 Brown Deer, Wisconsin 53223 (414) 354-0150 
3 d CONSULTING ENGINEERS 
608 25] 7932 INDUSTRIAL BUILDINGS @ SPECIAL STRUCTURES e 
SHEET METAL WORKERS 
UNION #24 i , \ alternative 
energy 
designs inc. 
SOL An ENERGY DESIGNERS 
CERTIFIED . .. QUALITY . . . SKILLED... active & pases SYSTEMS 
DEPENDABLE . . . CRAFTSMANSHIP ... GUARANTEED ET Sewer Viewer 
When you think of solar energy, think of The Sheet Metal Union S588 NORTH BO E MIEWAUKEE WI BOR EA, 
Craftsmen. We are Pleased to Share in the Success of your Archi- (414) 353-0781 (414) 421-4745 
tectural Building Programs. 
OFFICE 


5425 W. Vliet Street, Milwaukee, Wisconsin, 778-1100 
Howard Morreau, Business Manager 


INSULGUARD 


Protects Exterior Foundation Insulation 


Insul-Guard protects 
rigid foam exterior 
insulation from 
deterioration due to 
weather, ultraviolet rays 
and damage, increases 
insulation life. | 


The Great Profit-Stretcher 


Insul-Guard meets manufacturers’ recommendations for 
insulation covering on new construction and retrofit. 
It's dimensionally stable, impact resistant. 


INSUEGUARD 


Another Energy-wise product from 


trend Ze Products, inc- 
P.O.- Box 327, Tower Road € Waupaca, WI 54981 e 715/258-8838 


Distributor inquiries welcome. 
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DOLAN & DUSTIN, INC. 


CONSULTING ENGINEERS 


^. 


GEORGE E. DOLAN, PE 
THOMAS B. DUSTIN, PE 
GERALD BRAUN, PE 


2266 N. PROSPECT AVENUE MILWAUKEE, WIS. 53202 
(414) 276-5502 


ROGER A. NASS, PE 
CHARLES MULLIKIN, PE 
ARTHUR MILLER, RE 


twin cit’ testing 


and engineering laboratory, inc. 
GEOTECHNICAL AND MATERIALS 
ENGINEERING/TESTING 


Appleton — 414/733-8711 Eau Claire — 715/832-0282 
La Crosse — 608/781-5330 Wausau — 71 5/359-9463 


Consulting Engineers 
Civil e Structural 
Geotechnical 

Materials Testing 

Soil Borings e Surveying 


1409 Emil St., Madison, WI 53713 
(608) 257-4848 


E SM 


Value 

. Managers 

Project 
Management 


ELZINGA & VOLKERS, INC. 
101 East Milwaukee Street, WI 53545 


WARZYN 


Vg 


ENGINEERING INC 


Construction 
Management 
Engineering 
onsultants 


Professional 
Estimating 

Program 
Scheduling 


Janesville, 608-754-1202 


AE CONSULTING ENGINEERS 


e EE EE 
e SCII L DEPI ER ASSOCIATES INC. 


/ Structural Municipal Environmental 


6415 West Capitol Drive Milwaukee, Wisconsin 53216 414-461-6900 


Wisconsin State Conference Of 
Bricklayers And Allied Craftsmen 
AFL-CIO 


William Boncher, Secretary 
825 Wilson Avenue — Green Bay, WI 54303 
(414) 437-9311 


ALSO 
Urethane Sealants - Caulking Guns 
Sealant Backer - Sealant Tapes 


SEALANTS | 


TREMCO 
PY KE CALL: 1-(414)-464-8550 
MONO S & S SALES CORPORATION 
SILICONE AND ALL TREMCO 12030 W. SILVER SPRING ROAD 
SEALANTS MILWAUKEE, WI 53225 


SEALANTS 


ACCURATE SECURITY 
LTD. 

Burglar — Fire — Sprinkler 
Monitoring — Installation — Sales 
Central Communication Center 

215 Division St. — Oshkosh, WI 54901 
1-800-242-0383 
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ERZIGER & ASSOCIATES, INC. 


CONSULTING ELECTRICAL ENGINEERS 
414-463-9160 
8522 W. Lisbon Ave. Milwaukee, WI 53222 | 


FULL DESIGN and CONSULTING SERVICES 


BRUST ENGINEERING, INC. 


7218 W. North Ave. 


Concrete Design 

Steel Design 

Precast Concrete Design 

Post Tensioned Concrete Design 
Structural Cost Studies 


Milwaukee, Wisconsin 
53213 
Phone (414) 475-5554 


THOMAS H. JAESCHKE 
& ASSOCIATES, INC. 


4085 N. 137th Street 
Brookfield, Wis. 53005 


CONSU, y 
^4, 


FCSI 


"ERN TON 


“ALUDOS SY 


(414) 781-6564 


A FOODSERVic, 


(4 


CONSULTANTS — DESIGNERS 
FOOD SERVICE SYSTEMS & EQUIPMENT 


ARNOLD AND O'SHERIDAN, INC. 
CONSULTING ENGINEERS 


bg Structural 


Mechanical 


Electrical 
Civil 
608-271-9651 


815 FORWARD DRIVE MADISON, WISCONSIN 53711 


Consulting Engineers 
12645 West Burleigh Road 


Brookfield, WI 53005 (414) 782-9690 
Heating, Ventilating & Air Conditioning 


DAPPOLONIA 


GEOTECHNICAL, GEOLOGICAL, MINING, ENVIRONMENTAL, 
WATER RESOURCES & STRUCTURAL ENGINEERING; 
CONSTRUCTION MANAGEMENT SERVICES; MATERIALS & 
ANALYTICAL LABORATORIES; TEST DRILLING SERVICES 
4300 W. Brown Deer Rd., Suite 130 - Milwaukee, WI 53223 
Phone: (414) 354-3500 


D 


TESTING LABORATORIES 


Geotechnical Engineers 


Soil Borings 
Materials Testing & Inspection 


Menomonee Falls, WI 53051 e (414) 252-3300 


MILWAUKEE 
TESTING 


+g 


DIVISION OF 
WARZYN ENGINEERING INC. 


Consulting 
Geotechnical Engineers 


Materials Testing 
Soil Borings 


2135 S. 116th St., Milwaukee, WI 53227 
(414) 321-0100 
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